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(54) Title: THREE-WHEEL VEHICLE WITH POSITION STABILIZER 



(57) Abstract: Three-wheel vehicle 

comprising a front steering wheel (2) and a 
pair of rear driving wheels (3, 4), supported 
at the ends of two respective oscillating arms 
(16, 17), the other ends of which are hinged 
onto the vehicle frame (6) about a horizontal 
axis, said arms being reciprocally connected 
through balancing means apt to transmit to 
one of the arms an oscillation in a direction 
and to an extent opposite to those of the other 
arm. Said balancing means comprise two pairs 
of hydraulic cylinder-piston units (27-25 and 
28-26), one for each oscillating arm (16, 17), 
the chambers of the two cylinders (27, 28) 
being reciprocally connected through a duct 
(29) of hydraulic fluid (33) under pressure. 
Said balancing means comprise means to stop 
the oscillation of said arms (16, 17), consisting 
of a control valve (34) interposed along said 
duct (29) and apt to be automatically actuated 
on stopping of the vehicle and/or when driving 
below a predetermined critical speed, so as to 
stop the flow of fluid. 
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"THREE-WHEEL VEHICLE WITH POSITION STABILIZER" 

==o0o== 

The present invention concerns a vehicle, particularly a 
three-wheel motorvehicle equipped with a position stabilizer. 
5 As known, three-wheel vehicles of this type generally 

comprise a stiff rear axle, housing support means for a pair of 
rear side-by-side driving wheels, and a front steering wheel. 

Consequently, the known three-wheel vehicles bear onto the 
ground in a relatively stiff manner in correspondence of three 
10 points. 

Such three-wheel vehicles do not allow to incline the 
vehicle while taking a curve, whereby it is not possible to 
follow a curve with utmost safety and at a certain speed. 

A further drawback of such known three-wheel vehicles lies 
15 in the fact that, when wishing to park the vehicle across the 
edge of a sidewalk or onto a stretch of ground sloping 
crosswise, the vehicle forcedly takes up an inclined position in 
respect of the vertical axis; this could determine a rather 
unsteady condition for the three-wheel vehicle. Furthermore, 
20 when the vehicle is parked in a slightly inclined position, even 
if steady, it becomes difficult to either get into or get out of 
the vehicle. 

Some of these drawbacks have actually already been solved 
in the vehicles described in EP-B1-0 . 606. 191, EP-B1-0 . 626 . 307 , 

25 FR-Ai-2. 616.405 and WO. 98/43872. These prior art documents 
propose three-wheel motorvehicles wherein the axle for the pair 
of rear driving wheels is divided in two half-axles, carried at 
the ends of two respective oscillating arms, balancing means 
being moreover provided to control the compensated oscillation 

30 of said arms in a manner such that, to the movement of an arm 
in one direction there may correspond an equal movement of the 
other arm in the opposite direction. 

Nevertheless, in the vehicles described in the aforecited 
documents, the balancing of the oscillations of the two rear 

35 wheels is obtained through means whose efficiency is net always 
satisfactory. The main drawback of such known vehicles lies in 
the fact that, the more they allow a sufficient freedom of 
oscillation of the two wheels in opposite directions - said 
freedom being a fundamental condition for a correc: driving of 
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the vehicle, particularly along bends, when the driver needs to 
incline the vehicle in order to oppose the action of the 
centrifugal force - the less they allow to keep the balance in 
parking conditions of the vehicle. 

The object of the present invention is to thus overcome the 
drawbacks of known technique by proposing a three-wheel vehicle 
which is not only apt to tilt when taking a curve, or to remain 
in a perfectly vertical position along a rectilinear path also 
on a stretch of ground sloping in a transversal sense, but which 
allows above all to control at any moment the vertical 
positioning of the vehicle, even in parked conditions. 

According to the present invention, these objects are 
reached with a three-wheel vehicle having the characteristics 
described in Claim 1. 

The three-wheel vehicle according to the present invention 
will now be described in further detail, with reference to the 
embodiment illustrated by way of example on the accompanying 
drawings, in which: 

Fig. 1 is a side view of a three-wheel vehicle; 

Fig. 2 is a back view of the same vehicle; 

Fig. 3 is a front view of the same vehicle; 

Fig. 4 diagrammatically illustrates the rear axle of the 
vehicle positioned on a horizontal plane; 

Fig. 5 is a view similar to that of fig. 4, but with the 
vehicle following a bend; 

Figs. 6 and 7 are views similar to that of fig. 4, but with 
the vehicle positioned on an inclined plane sloping rightwards 
and, respectively, leftwards; 

Fig. 8 is a diagrammatic perspective view of the rear 
structure of the vehicle, with the two wheels and the respective 
suspension and driving means; 

Figs. 9 and 10 are, respectively, a diagrammatic plan view 
and a front elevation of the same driving unit shown in fig. 8; 
and 

Figs. 11 and 12 show, respectively, the hydraulic circuit 
of the stabilizing unit and a diagram of how said unit operates, 
according to the present invention. 

As shown in fig. 1, the vehicle 1 has a front wheel 2 and 
two rear wheels 3, 4. 


WO 01/36253 


3 


PCT/EP00/11403 


The three-wheel vehicle 1 has a body 5 which, in the 
embodiment illustrated, comprises only the driver's seat, but 
which could comprise two tandem seats as normally provided on 
motorcycles . 

Fig. 2 is a back view of the vehicle 1, placing in evidence 
the shape of the body 5, the rear wheels 3, 4, and the front 
wheel 2. 

Also fig. 3, which is a front view of the vehicle 1, places 
in evidence the shape of the body 5, supported by the wheels 2, 
3, 4. 

Figs. 4 to 7 illustrate the driving conditions of the frame 
6 including the rear wheels 3, 4, with the vehicle in running 
conditions, taking into account the vehicle structure described 
hereinafter . 

As diagrammatically illustrated in figs. 8, 9 and 10, the 
half-axles 10, 11, of the pair of rear wheels 3, 4, are mounted 
on bearings fixed at the ends of the oscillating support arms 16 
and 17 respectively, each arm being hinged at the other end onto 
pivoting pins 18, 20, fixed to the body 5 of the vehicle 1. 

From figs. 8, 9 and 10 it can be seen that the wheels 3, 4, 
are supported at the outer ends of the half-axles 10, 11. Onto 
the inner ends of said half-axles 10, 11, there are keyed 
gearwheels 12, 13, each gearwheel being driven by a chain 14, 
15, or by similar means. The chains 14, 15, are driven by the 
engine (not shown) of the vehicle, in known manner, by way of 
two pinions 12a, 13a, keyed on two half-shafts 12b, 13b, 
connected to a differential unit D. It is important zo note that 
the axis of the half-shafts 12b, 13b, coincides with the axis of 
the pivoting pins 18, 20, of the oscillating arms 16, 17, so as 
to allow a correct motion transmission independently from the 
momentary position of the oscillating arms 16, 17. 

Rods 23, 24, are moreover mounted on said half-axles 10, 
11, by way of further bearings 21 and 22 respectively. Each rod 
23, 24, is connected to a respective piston 25, 26, slidably 
housed into a cylinder 27 and 28 respectively. These cylinders 
are connected to the body 5 of the vehicle 1 by way of means, 
known per se, which allow a limited freedom of movement, as 
illustrated for example in fig. 8 or in fig. 10. 
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As shown in figs. 11 and 12, the chambers of the cylinders 
27, 28, are connected together by way of a tubular duct 29. 
Generally, the duct 29 can be formed by sections of a flexible 
pipe, of the type used - in known manner - for example in the 
hydraulic braking circuits. The inner chamber of the cylinders 
27, 28, as well as the inner part of the duct 9 are filled with 
a hydraulic fluid, for instance oil, indicated by reference 33, 

In the scheme ' reported in fig. 11, the cylinders 27, 28, 
are illustrated as the end portion of a tubular body having an 
essentially overturned U-shape, of which the cylinders 27, 28, 
form the two vertical branches, while the transversal branch 
consists of a section of horizontal connection pipe 30; this 
scheme is simply meant to indicate that the hydraulic fluid 33 
contained in the chambers of the cylinders 27, 28, and in the 
tubular duct 29, must flow from one chamber to the other without 
meeting any obstacles - except for the element mentioned 
hereunder - as if the cylinders 27, 28, and the duct 29, were to 
actually form a single chamber. 

In a substantially central position of the duct 29 there is 
arranged a valve 34, which allows to control the flow of the 
hydraulic fluid 33 moving from the cylinder 28 towards the 
cylinder 27, or respectively from the cylinder 27 towards the 
cylinder 28, according to two valve positions: fully open, or 
fully closed. In the fully closed position - diagrammatically 
illustrated in fig. 12 - there is no possibility to move the 
fluid 33 from one cylinder to the other; in the fully open 
position, as said, the fluid 33 is apt to freely flow from one 
cylinder to the other, and also towards a shock absorbing system 
as described hereunder. 

In fact, a shock absorbing system is connected to the 
centre of the duct 29, said system being diagrammatically 
illustrated in fig. 12 as a simple sealed chamber 40. 

In the scheme reported in fig. 11, the shock absorbing 
system is instead represented by a pipe section 31, closed at 
one end, while its other open end 41 communicates with the 
central portion of the horizontal pipe 30, said pipe section 31 
housing a piston 40 acting against the action of a respective 
spring 32. The pipe 31 is in turn filled with the same hydraulic 
fluid 33 which fills the horizontal pipe 30. The control valve 
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34 is represented in fig. 11 as a piston 42 acting against the 
action of respective spring means. j 
The control valve 34 is preferably conceived as a solenoid j 
valve, apt to receive the controls for the open and, ! 
5 respectively, closed positions from an automatic control system 
(for instance of the electronic type), illustrated only 
diagrammatically in fig. 12. Said system uses signals 1 
essentially issued by a sensor of momentary speed of the vehicle 
1, so as to control the closing of the valve 34 when the vehicle 1 
10 speed drops below a critical level, of reference, which 

corresponds to the minimum speed of equilibrium of the vehicle j 

■j 

itself. This allows to obtain the following driving positions of 
the vehicle: 

a) In normal running conditions, along a flat rectilinear 
15 path - as illustrated in fig. 4 - the valve 34 is open. The 

fluid 33 is equally distributed in the two branches of the duct 
29, and the two pistons 25, 26, are positioned at the same 
level. The communication with the chamber of the pipe 31 is open 
and, thanks to the fluid 33, the shock absorbing system (40) is 
20 apt to perform its function. 

b) In normal running conditions, along a flat curved path - 
as illustrated in fig. 5 - the valve 34 is still open. The 
increased weight on the rear inner wheel 3 pushes upward the rod 
23 and the respective piston 25; at the same time, the rear 

25 outer wheel 4, deprived of its load, drops downward drawing ; 

along the rod 24 and the respective piston 26. This opposed 

symmetrical movement is allowed thanks to the fact that the ; 

fluid 33 freely flows into the duct 29, moving from the chamber ! 

of the cylinder 27 to the chamber of the cylinder 28. Also in 
30 these conditions, the shock absorbing system (40) performs its 

function. 

c) In normal running conditions, along a rectilinear path 

which is not flat but sloping either rightwards or leftwards - j 
as illustrated in figs. 6 and 7 respectively - the valve 34 is j 
35 still open. As can be seen, the wheels are positioned on 

different horizontal levels. Consequently, in the case of fig. j 
6, the rear wheel 4 moves along a higher path, while the rear 
wheel 3 moves along a lower path; nevertheless the axis X of the j 
frame 6, and thus of the vehicle 1, keeps in a vertical 
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position. In the case of fig. 7, the rear wheel 3 is in a lifted 
position in respect of the path followed by the rear wheel 4, 
but also in this case the axis X of the frame 6 keeps in a 
vertical position. As in the previous case, this positioning is 
allowed thanks to the fact that the fluid 33 freely flows into 
the duct 29, moving from one chamber to the other of the 
cylinders 27 and 28. Also in these conditions, the shock 
absorbing system (40) is apt to perform its function. 

Thus, as one may gather from the previous points a), b) , c) 
of the description, in any of the normal running conditions of 
the vehicle the driver is able to perfectly control the same in 
its vertical or inclined position, exactly as if it were a 
vehicle - as a motorcycle - with a single rear wheel: in fact, 
in all the conditions illustrated in figs. 4 to 7, the 
displacement of the wheels between a higher and a lower position 
is always allowed by the free flowing of the fluid 33 towards 
the chamber of one cylinder or of the other, or towards the 
shock absorbing system, through the duct 29 and thanks to the 
open valve 34. 

d) Whereas, in running conditions of the vehicle below a 
certain critical speed - namely, the minimum speed of 
equilibrium at which a common two-wheel motorcycle would no 
longer be able to keep in a vertical position - and in stopping 
conditions, the speed sensor issues a signal which operates the 
automatic control system in order to control the closing of the 
valve 34. In this way, whatever the position of the wheels with 
the vehicle in a vertical standing - kept up to a few seconds 
before according to the conditions of the road surface - the 
suspension system of the vehicle wheels is blocked, so as to 
make sure that the vehicle keeps in said vertical standing. 

The driver will thus not be forced to promptly set his feet 
on the ground when reaching the minimum speed of equilibrium, in 
order to keep the vertical position of the vehicle, nor does he 
need to fear the oscillation and upsetting of the vehicle when 
stopping and abandoning the same, as it happens with the 
conventional two-wheel motorcycles or even with the more recent 
three-wheel motorcycles, when they get to stop on a ground 
surface which is even slightly inclined or anyhow net perfectly 
horizontal . 
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It is of course appropriate to provide also a manual 
control system for the valve 34, for instance by means of a 
push-button placed under the control of the driver. Such an 
arrangement is actually required when the driver intends, for 
5 example, to face a change in the road surface running at very 
low speed: at this speed, the valve 34 is already closed by the 
automatic control system and, if the inclination of the road 
surface should vary, the vehicle could easily upset. 
Consequently, if the driver foresees such a situation, he can 
10 manually control the opening of the valve so as to allow the 
vehicle to keep in a vertical position while its suspensions 
adjust themselves to the new road surface. 

The fundamental characteristic of the present invention - 
that is, keeping the vertical standing of the vehicle associated 

15 to the freedom of oscillation of the suspensions up to the 
critical speed, and then blocking the vehicle, in said position 
below said speed - is of fundamental importance when wishing to 
produce a three-wheel vehicle having a closed body with a door 
on each side, or at least a door on one side, which cannot be 

20 found at present on the market. In fact, with such a closed-body 
arrangement, the driver has no possibility to set his feet on 
the ground, when slowing down, in order to keep the position of 
equilibrium: it hence becomes indispensable to automatically 
block the vehicle in a vertical standing. 

25 It is anyhow understood that the invention is not limited 

to the particular embodiment described heretofore, which merely 
forms a non-limiting example thereof, but that different 
variants can be introduced, all within reach of a person skilled 
in the art, without thereby departing from the protection scope 

30 of the invention itself, as defined in the following claims. 
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CLAIMS 

1) Vehicle, particularly three-wheel vehicle of the type 
comprising a front steering wheel (2) and a pair of rear shortly 
spaced side-by-side driving wheels (3, 4), which are supported 
at the ends of two respective oscillating arms (16, 17), the 
other ends of which are hinged onto the vehicle frame (6) about 
a horizontal axis, said arms being moreover reciprocally 
connected through balancing means apt to transmit to .one of the 
arms an oscillation in a direction and to an extent opposite to 
those of the other arm, characterized in that, to said balancing 
means there are associated means to stop the oscillation of said 
arms (16, 17), and in that said means no stop the oscillation 
are actuated on stopping of the vehicle and/or when driving 
below a predetermined critical speed. 

2) Vehicle as in claim 1), characterized in that, 

- said balancing means comprise two pairs of hydraulic 
cylinder-piston units (27-25 and 23-26), one for each 
oscillating arm (16, 17), interposed between this latter and the 
vehicle frame (6), the chambers of the two cylinders (27, 28) 
being reciprocally connected through a duct (29) of hydraulic 
fluid (33) under pressure, and 

- said means to stop the oscillation of said arms (16, 17) 
consist of a. control valve (34), interposed along said duct (29) 
of fluid (33) under pressure and apt to stop, under control, the 
flow of said hydraulic fluid (33) . 

3) Vehicle as in claim 2), wherein said control valve (34) 
is actuated by an automatic control system, positioned on the 
vehicle. 

4) Vehicle as in claim 3), wherein said automatic control 
system comprises sensors of momentary speed of the vehicle, and 
is apt to control the closing of said valve (34) when the sensor 
detects a vehicle speed which is below said predetermined 
critical speed. 

5) Vehicle as in claim 1) or 3), wherein said predetermined 
critical speed is the minimum speed cf equilibrium of the 
vehicle . 

6) Vehicle as in claim 3), wherein said valve (34) is 
placed under the control of manual actuating means. 
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7) Vehicle as in any one of the previous claims, wherein 
each of the vehicle rear wheels (3, 4) is mounted on its own 
half-axle (10, 11), supported at the free end by the respective 
oscillating arm (16, 17) . 
5 8) Vehicle as in claim 7), wherein said half-axles (10, 11) 

are motor-driven, each through a respective driving unit carried 
by the respective oscillating arm (16, 17), the two driving 
units being operated by a common motor unit. 

9) Vehicle as in claim 8) , wherein said common motor unit 
!0 comprises a differential unit (D) . 

10) Vehicle as in claim 9), wherein the outlet of said 
differential unit (D) is connected to pinions (12a, 13a) meshing 
with said driving unit, the axis of said pinions coinciding with 
the rotation axis of the respective oscillating arms (16, 17) . 

15 11) Vehicle as in claim 7) cr 8), wherein each half-axle 

(10, 11) carries at its outer end the respective driving wheel 
(3, 4), while onto its inner end there is keyed a respective 
gearwheel (12, 13) meshing with a respective chain (14, 15) 
forming said driving unit. 

20 12) Vehicle as in any one of claims 2) to 11), wherein the 

piston (25, 26) of each cylinder-piston unit is pivotally 
connected to a respective half-axle (10, 11) by way of its own 
rod (23, 24), and is slidably housed into its cylinder (27, 28) 
which is freely connected to the vehicle frame (6) . 
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Fig. 2 Fig. 3 
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Fig. 5 
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Fig. 7 
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